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Introduction
26
The use of FRP composites for structural strengthening was initiated in the late 1980s. 27 FRP has some advantages over traditional steel plates, such as high strength to weight 28 ratio, resistance to corrosion, flexibility and overall versatility [1] . The most strengthening effect and failure modes of RC beams using various anchorage systems. 40 Yu and Wu [6] reported the performance of cracked steel beams reinforced by normal 41 modulus CFRP with different patch systems. Nguyen, et al. [7] used textile-reinforced 42 concrete to strengthen structural components of existing structures. Basalt fibre is an 43 environmentally friendly material which is made from melted basalt rock under high 44 temperature of 1400 °C and the molten rock is then extruded through small nozzles to 45 produce the fine fibre [8] . Basalt fibre is usually manufactured in a single process 46 known as continuous spinning, which allows for the production of short fibres and 47 continuous fibres [8] . The fibres can be made in the forms of chopped fibres, rebars 48 and continuous fibre sheets etc. Basalt FRP (BFRP) is a relative newcomer to FRP 49 composites, as compared with carbon FRP (CFRP) and glass FRP (GFRP). Although 50 it has superior characteristics such as high strength to weight ratio, sound ductility and 51 durability, high thermal resistance, and good corrosion resistance, and is cost effective 52 [9], its performance in structural strengthening has been less studied. 53 Externally bonded FRP has been intensively used in the flexural strengthening of RC 54 beams [10] [11] [12] [13] [14] [15] [16] . The strengthening of RC structural components by using FRP 55 laminates on the tension side has exhibited substantial enhancement to confinement, 56 stiffness and overall load carrying capacity [17] . Attari, et al. [18] reported that the 57 use of twin-layer GFRP sheets was effective in beam strengthening, exhibiting CFRP and GFRP could be improved by 62.5%, 150% and 125%, respectively, with 63 full wrapping technique and by 25%, 50% and 37.5%, respectively with strip 64 wrapping scheme. However, only limited study of using Basalt FRP as an alternative 65 material to strengthen beam is available in literature. Sim, et and transverse strains of FRP U-jackets are presented and discussed.
92
As above-mentioned, basalt fibre is an alternative material for structural strengthening. 93 However, the testing data of BFRP strengthened beam is limited [9, 20] . More testing 94 data on BFRP strengthening is desired to supplement the current understandings for SikaDur 330 and West System 105-206 were adopted. As given in provide a higher load-carrying capacity than that of the beams used SikaDur 330. 144 However, it has been observed that debonding failure might initiate from the concrete 145 cover which was observed from the specimen B150D of this study so that the 146 adhesive does not necessarily govern the strength capacity of the beams. In addition, 147 the difference in the tensile modulus and elongation may also affect the effectiveness 148 of applying these adhesives. Therefore, the performance of using these adhesives was 149 unknown and investigated in this study. 
Efficiency of U-jacket anchors
217
To examine the efficiency of using U-jackets as anchorage, the specimen B150B was 218 prepared and tested. As shown in Figure 11 Brena, et al. [34] , where using CFRP U-wraps increased the strength capacity from 10% 229 to 57%. As shown in Figure 12 , at an applied load of 84 kN, the strain gauge SGC 
Efficiency of different adhesives
313
To study the effect of adhesives on the strengthening performance, Beam B330B with 314 the same wrapping scheme as B150B but using SikaDur 330 epoxy adhesive was 440.2R-08 [30] . More details and discussion can be found in the previous study by Fu 403 [35]. 404 To examine the contribution of the U-jackets, strain gauges were bonded to the 405 U-jackets in two directions as shown in Figure 10 U-jacket in its longitudinal direction. In addition, ductility index, which is defined as 424 the mid-span deflection at failure divided by the mid-span deflection at the yielding of 425 steel tension bars, was used to quantify the ductility of beams [35] . As given in Table   426 4, the ductility index for the specimens B150A, B150B, B150C, B150D and B330B 427 were 2.16, 3.32, 2.43, 2.23 and 4.08, with the increase of 3.8%, 59.6%, 16.8%, 7.2% 428 and 96.2% over the control beam, respectively. In the tests, the FRP debonding strain of B150A was measured as 0.96 %, which is 470 lower than the value predicted by ACI 440.2R-08 [30] . • Very limited study on RC beams strengthened by BFRP is available.
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• The effect of various BFRP wrapping schemes on the flexural performance is studied.
• The effect of U-jacket anchorage on BFRP strengthening performance is analyzed.
• The effect of epoxy adhesives on the flexural capacity of RC beams is investigated.
• The predication on BFRP strengthening by using ACI 440.2R-08 is verified.
